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BITfERBRUSH (PURSHIA TRIDENTATA PURSH)
GROWTH IN RELATION TO BROWSING
Carl L. Wamboltl , W. Wyatt Fraas l , and Michael R. Frisina2
ABSTRAG'1:-The objectives of this study were to compare vegetative and reproductive growth characters of bitterbrush (Purshia tridentata Pursh) stands as they relate to browsing levels. Growth characters were measured on 10 ecologically diverse stands in southwestern Montana on which browsing ranged from 0% to 60% of all current annual long
shoot (LS) growth. Bitterbrush plants exhibited both twig-level and plant-level responses to browsing. Total bud density
per plant was similar for browsed and unbrowsed sites, but differed (P < 0.01) between browsed and unbrowsed twigs.
Browsed twigs produced one-half the leaf cluster density produced by unbrowsed twigs. No significant (P < 0.05) relationship between browsing levels on browsed plants and bud densities was found. Length of old-growth twigs per plant
was shorter (P < 0.001) on browsed sites than on unbrowsed sites. Burning at 2 environmentally paired sites reduced
flower bud density (P < 0.001) 9 and 10 growing seasons later although LS length was not affected. Growth of LS
showed a site-by-year intef'd.ction (P < 0.05). Our data suggest that long-term unbrowsed plants should not be used as a
standard for comparison with normally browsed plants.

Key words: Purshia tridentata, bitterbrush, browsing, shoot growth, bud development, Montana.

Antelope bitterbrush (Purshia /ridentata
Pursh), well documented as a valuable food
source for big-game animals (Kufeld 1973,
Kufeld et a!. 1973), is highly palatable, moderately nutritious, and common on many biggame winter ranges (Giunta et a!. 1978), although it seems to be declining in some areas
(Winward and Findley 1983), Bitterbrush is
found in a wide range of habitats (Franklin and
Dyrness 1973) and is useful as a ground stabilizer on exposed soils (Nord 1959), Therefore,
land managers are interested in its propagation, growth, and management to improve degraded wildlife habitat.
Known for its variability in habitat, mor~
phology, and physiology, bitterbrush ranges
from prostrate forms only 10 em high to columnar forms over 3 m tall (Winward and Findley
1983), Color, shape, and size of leaves, stems,
and seeds vary between and within populations (Alderfer 1977), Mowing and burning
result in responses that range from death to
vigorous sprouting (Clark et a!. 1982), While
these adaptations enable bitterbrush to inhabit
widely divergent habitats in western North
America, they can also make management of
the species more difficult unless the response
oOocal populations is known,

Guenther (1989) studied the environmental
relationships of bitterbrush stands on Montana
Fish, Wildlife, and Parks' Mount Haggin Wildlife Management Area (MHWMA) in southwestern Montana and noted the wide range of
habitats and stand growth, Guenther (1989)
also found a high level of browsing on bitterbrush plants and little successful reproduction
during the previous decade, Wambolt et al,
(1996) compared some of the same MHWMA
sites with 5 other southwestern Montana locations and found differences in crude protein
content by site.
The specific objectives of this study were to
compare vegetative and reproductive growth
cbaracters of 10 bitterbrush stands on and
near the MHWMA and to relate them to
browsing levels, We hypothesized that plants
from nearby bitterbrush stands are not uniform in their growth characteristics.
METHODS

Study Sites
We chose 10 study sites primarily to represent bitterbrush stands from a range of environmental conditions (Table 1), Included were a
burned site and sites protected from browsing.

lOepartment of Animal and Runge Science$. Montana State University, Bozeman. MT 59717.
2Montaml Department ofFish, Wildlife, and Parks, Butte, MT 59701.
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All sites are located within a radius of 14.5 km
near Butte and Anaconda in southwestern
Montana. Long-term climatic records were
available for the general study area from the
Anaconda weather station at 1700 ill elevation.
Annual precipitation at Anaconda averages
340 mm, with 47% received between April
and July (NOAA 1991).
Vegetation types at all but 3 sites (Burn,
Unburn, and High Rye) are seral stages of the
bitterbrush-bluebuneh wheatgrass (Agropyron
spicatum Pursh) habitat type (Mueggler and
Stewart 1980). The dominant shrub is bitterbrush, but understory vegetation is regressed
primarily from grazing (Fraas et a!. 1992) on
the other 7 sites from the described potential
climax composition (Youtie et a!. 1988).
We selected the Butte site at Maude S Canyon, near Butte, Montana, because it receives
no ungulate browsing. The plant community
consists of bitterbrush, Centaurea rnaculosa
Lam. (spotted knapweed), Ribes cereum Doug!.
(squaw currant), and Rosa woodsii Lindl.
(Woods rose).
At Dry Cottonwood Creek in the Deerlodge
district of the Deerlodge National Forest, we
studied a 2-part exclosure. One portion, known
as the Deer exclosure, was game proof. The
other half allowed deer use but served as a
livestock exclosure and thus was known as the
Cattle exclosure. Near the exclosure, we studied
a bitterbrush stand kno""" as the Cattle + Deer
site because it sustained both cattle and mule
deer browsing. These 3 sites have a scattered
overstory of Pseudotsuga menziesii [Mirb.]
Franco (Douglas-fir). A large number of native
perennial [orbs occur in the understory on
these sites.
To gauge the impacts of burning bitterbrush
in southwestern Montana, we selected 2 sites.
These sites (Burn, Unburn) were environmentally paired on both sides of a burn line on the
south flank of Steep Mountain, 8 km northwest
of Butte, in the Butte district of the Deerlodge
National Forest. The plant community on these
2 sites is a bitterbrush-mountain big sagebrush
(Artemisia tridentata Nutt. ssp. vaseyana [Rydb.]
Beetle)-bluebunch wheatgrass association intermediate to the big sagebrush-bluebunch wheatgrass and bitterbrush-bluebunch wheatgrass
habitat types of Mueggler and Stewart (1980).
The prescribed burn was conducted 3 November 1981 after a year's rest from livestock grazing on both sites to increase fuel loads. Live-

'fAm,E 1. Topographic characteristics of the 10 study sites.
Data from the last 4 sites were obtained from Guenther

(1989).
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stock use on both sites resumed 15 September
1982.
Four sites were located on the MHWMA,
owoed and managed by Montana Fish, Wildlife,
and Parks. The Powerline site is on a slope 50
m above a perennial stream on the northeast
edge of the MHWMA big-game winter range.
The plant community consists of bitterbrush
and spotted knapweed. The Willow Creek site,
near the top of a grassy ridge 150 m above
Willow Creek, supports a relatively large
amount of Elymus cinereus Scribn. & MelT.
(basin wild rye), along with other perennial
grasses and bitterbrush. This area was used as
winter range by mule deer, elk, and moose.
The Railroad Gulch site is also on the deer
and elk winter range. This site occupies a midslope position 30 m above an intermittent
stream, where the plant community consists of
bitterbrush and spotted knapweed. The High
Rye site, 1500 m higher in elevation than the
other MHWMA sites, appears to receive the
greatest snowpack The plant community on
the High Rye site is typical of the bitterbrush-rough fescue (Festuca scahrella Torrey
ex Hook) habitat type (Mueggler and Stewart
1980), with those species currently dominant.
Guenther (1989) found the least amount of
big-game use at this location among the 4
MHWMA sites. The MHWMA study sites received insignificant levels oflivestock grazing.
Sampling and Analyses
Study sites typical of their communities were
delineated by five 15-m transect lines placed
perpendicular to the slope at 3-m intervals,
thus comprising a study plot of 15 x 12 m. We

30

[Volume 58

GREAT BASIN NATURALIST

recorded topographic information at each site,
determining aspect by taking a compass bearing from the major slope, measuring slope
with a clinometer. and ascertaining elevation
from USGS topographic maps. The information from MHWMA sites was taken from
Guenther (1989).
We used the following definitions during
the study: bitterbrush plant-a single stem or
group of stems with a single point of origin;
leaf cluster-a bud which had produced a
group of leaves and which had not elongated
«7 mm in length); long shoot (LS)-a bud
structure that had elongated (> 7 mm in length)
in the current growing season and consisted of
a stem and attached leaf clusters; flower-a
bud which had produced a flower; flowers
grew only on l-yr-old or older stems.
Two bitterbrush plants rooted within 1 m of
each transect line were randomly selected for
measurements (10 plants per site). We randomly chose 4 branches on each plant using a
frame with lO-cm grids placed on top of the
plant. Random numbers identified grid intersections. The closest live branch to a plumb
line dropped through the grid was sampled.
On each sampled branch we recorded the following: age and length of each stem segment,
length of LS, number of flowers, leaf clusters,
and LS. Apical bud status of each terminal LS
segment was recorded as browsed (within the
past year), unbrowsed, or dead. Flowers were
counted in early July, and leaf clusters and LS
were counted and measured in earJy September. We compared measurements only from
branch (LS) segments <3 yr old, as little bud
activity occurred on older portions of the
branches. To determine age, we examined
annual growth scars after an initial trial of
comparing growth scars with growth rings.
These measurements were summarized across

all 4 branches sampled per plant to create a
plant average for each category. Overall averages resulted from averaging the 10 plant
averages for each of the 10 study sites (100
plants).
We observed each sampled branch for
browsing use during the previous winter.
Guenther (1989) found a high correlation (r =
0.94, P < 0.0001) in measuring percent bitterbrush utilization by determining either percentage of LS browsed or length of LS removed; thus, we determined the percentage of
total LS browsed. All branches were consid-

ered, regardless of availahility to browsers, to
determine plant response to removal of a percentage of total annual growth to relate to previously recommended use levels (Hormay 1943,
Garrison 1953, Martinsen 1960, Lay 1965,
Urness and Jensen 1983). Browsing-level analyses were conducted by comparing the number
of browsed and unbrowsed live LS on each
plant in the manner detailed by Wambolt
(1996). Browsed and unbrowsed twigs on a
plant were each pooled across branches for
comparison of browsing response on a plant
level. By combining plant averages we then
created averages for the 10 sites.
Occurrence of unequal variances for comparisons, as experienced by Bilbrough (1990)
with similar data, required use of nonparametric statistical tests (Sokal and Rohlf 1981): a
Wilcoxon signed-rank test (Snedecor and
Cochran 1989) for comparison of paired measures (such as the same plants between years),
and a Mann-Whitney rank-sum test (Snedecor
and Cochran 1989) for comparison of group
means, both at P < 0.05. Interactions between
years, sites, and boeatments were analyzed with
a multi-factor analysis of variance (Snedecar
and Cochran 1989). Correlation was used to
measure the relationship between some vari-

ables without a dependence relationship
(Snedecor and Cochran 1989). Comparisons
between sites were based on least significant
difference (LSD; Snedecor and Cochran 1989)
at P < 0.05. Least significant differences were
calculated as part of the analysis of variance
for pairs of means, such as site-to-site or yearto-year comparisons.

All statistical tests were

programs of the MSUSTAT statistical program
(Lund 1991).
RESULTS AND DISCUSSION

Browsing Effects
At the 8 browsed sites the browsing level
ranged from 23% to 60% removal of all current annual L8 (Table 2). This range was within previously recommended levels for longterm health and maintenance of slands (Harmay 1943, Garrison 1953, Steinhoff 1959, Martinsen 1960, Lay 1965, Shepherd 1971). Only
2 sites had less browsing the 2nd winter (P <
0.05), while the other 6 were browsed at
nearly the same level both years. During 1990
the 8 sites were equally browsed, but in 1991
some variation in browsing levels occurred
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TABLE 2. Browsing level (percent) for 1990 and 1991 at
the study sites, based on number of total long shoots (LS)
removed.

1990

Site

1991

on

O" 1x2

Butte
Deer exclosure
Cattle exclosure
Cattle + Deer
Burn

on

0"

45'w
55'w
48aw

39aw~y

54'"

5on,

5l aw
5l aw

Unburn
Powerline
Willow Creek

61 ay

40awJt}'
23 bw
37a",)(y
3()bwx

52aw

53'w
6O'w

Railroad Gulch
High Rye

IRow entries ....i th slmiw lowercase lellers (ab) are not significantly different
~o ten, P < 0.05).
!column entne5 with !imi!:r.I·lo-..ca~ letter's (WX)'Z) IIlre not significantly dif·
rer~t (LSD, P < 0.(5).

among sites. Evaluation of browsing effects
should consider that post-browsing LS length
represents the sum of each year's growth minus
the cumulative reduction by brOWSing. In
addition to the direct effect of removing twig
material, browsing migh t also affect length by
changing the potential for growth. Growth
potential might be affected by the ability of
the whole plant to grow or by the number or
type of buds available, either for the whole
plant or for individual twigs.
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Total hud density per plant, expressed as
the sum of the number of flowers, leaf clusters, and LS per unit length of stem, was similar for browsed and unbrowsed sites (P >
0.10; Fig. 1). However, total bud density did
differ at the twig level (P < 0.01) between
browsed and unbrowsed twigs (Fig. 1). Browsed
plants had a lower flower bud density (P <
0.001) and higher LS bud density (P < 0.01)
than unbrowsed plants (Fig. 1). Howevel; at
the twig level (Fig. 1), flower or LS denSities
were similar between browsed and unbrowsed
twigs pooled for all browsed sites. U nbrowsed
twigs from browsed plants had lower flower (P
< 0.01) and higher LS (P < 0.001) bud densities than twigs from unbrowsed plants. This
suggests that browsing affects bnth browsed
and unbrowsed twigs on browsed plants, which
is a plant-level response. Further, density of
any of the 3 types of buds did not appear to
depend on actual level of browsing per plant,
as 0% to 100% of terminal twigs were browsed
on sampled branches on plants exposed to
herbivores, with r = 0.07 (P > 0.22) between
bud density and percentage browsed. This
suggests that any degree of browsing affects
flower and LS production on the whole branch
and probably on the whole plant.

0.16,----------,----------------,

•

o Browsed

.Unbrowsed

0.14

•

0.12
.&:

"C

~
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~-g 0.06
m
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•

o -l-=
Rowen

Leaf
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Twigs
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All Bud.
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Lear

LS

AI BudI

Clu.....

Plants

Fig. 1. Average number of buds per mm of branch (density) by type of bud structure (flowers, leaves, long shoots).
Comparisons are between browsed and unbrowsed twigs 00 browsed plants (n = 8), and between plant averages from
browsed (n = 7) and unbro\vsed (n = 2) sites. Pairs orbars with similar letters are not different (Mann-Whitney test, P <
0.05).
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Several researchers have attributed low
growth rates to whole-plant effects on vigor
(Hormay 1943, Garrison 1953) or carbohydrate reserves (Menke and Trlica 1983) and
have recommended moderate browse levels or
specific seasons of use. Tueller and Tower
(1979) reported a lower growth rate in rested
or lightly used plants than in those that were
heavily browsed, terming this a stagnation
effect. Bilbrough (1990) found that clipped
bitterbrush was able to mobilize inactive buds
for elongation and hypothesized that this
would eventually alter flower and LS ratios.
Although we could detect differences in bud
density (buds per unit length of stem) between
sites and treatments and could construct bud
frequencies from this information, we could
not determine whether changes in frequency
of flowers, leaf clusters, or LS were due to
variable densities before browsing or to bud
differentiation after browsing.
Leaf cluster bud density was 49% lower on
browsed twigs (P < 0.05) than on unbrowsed
twigs (Fig. 1). This decrease did not appear
between browsed and unbrowsed plants or
between unbrowsed twigs from browsed plants
and twigs from unbrowsed plants, suggesting
that this leaf bud response occurred only on
browsed twigs. Possible mechanisms for this
decline include increased mortality ofleafbuds
either by physiological effects or by higher
leaf bud density at the distal (browsed) end of
the twig. Physiological effects could include
physical or chemical damage due to browsing
or a change in resource allocation patterns within the plant to maintain flower and LS bud
numbers at the expense ofleafbud numbers.

Although browsing levels (Table 2) were
statistically the same for the Burned and
Unburned sites, flower bud density was lower
on the Burned site (Table 3) than on the
Unburned site (P < 0.001). Leaf cluster and
LS densities were similar between the two
sites (P > 0.10), apparently uruillected 9 and
10 growing seasons after the fire. Fraas et al.
(1992) had earlier reported that bitterbrush on
the Burned site was significantly lower in
canopy cover (P > 0.01), flower production (P
> 0.1), and seed production (P > 0.1) than on
the Unburned site. Because these 2 sites were
adjacent and environmentally the same (Table
1), including their management before and
after the burn treatment, it is logical to assume
that flower bud density was lowered by the
fire just as were the characteristics reported
by Fraas et al. (1992). We could not find additional burned sites to include in OUf investigation. Therefore, we are uncertain whether
similar results would be the rule, but our findings indicate that a reduction in flower buds
should be anticipated.
The Dry Cottonwood Cattle exclosure site
had lower total bud densities than the unbrowsed Deer exclosure site (P < 0.01), whereas flower bud densities (Table 3) were lower
(P < 0.001) and LS bud densities were higher
(P < 0.001) in 1990, as were most other browsed
to unbrowsed comparisons. Although browse
levels (Table 2) were not significantly different
(P < 0.10) between the Dry Cottonwood Cattle exclosure and Cattle + Deer sites, in 1990
the Cattle + Deer site had twice as many LS
buds per unit length of stem (Table 3). Other
bud densities did not differ (P < 0.05) between

TABLE 3. Bud density (buds per 100 mm stem) for flowers, leaf clusters, and long shoots (LS) on all study sites in 1990
and 1991. The 2 unbrowsed study sites are at left.

Bud

Deer
excl

Cattle
excl

Cattle
+ Deer

Bum

Unburn

OAay
O.Oay

0.7 ab y
0.7ab y

O.py
O.l:l.by

2.gb""

7.9 ab y
5.6abz

1O.3bcy
4.1az

6.1 ey
3.Sbedz

4.6 dy
2.3 abz

type

Year

Butte

Flower

t990
t991

7.5flv 1
2.7cz

6.gcly

1990
1991

1O.7cy
6.3 ahez

7.3 ay

8.goy

8.1 abc y
6.7ahcy

1990
t991

1.7ab y
1.0ay

1.Iay
l.Oay

3.2cdy
2.4 ah y

Leaves

LS

2.5cz

Power
Line

Willow
Creek

1.6abcy
O.l ab y

3.5cdy
O.3 abz

9.7abcy
6.2 abcz

8.9abcy
8.2boy

9.5 abc y
3.5az

3.2cd y
2.6abcy

3.4cd y
4.7dey

3.1 bcy
3.7edy

1.1bz

'Row entries with similar letters (abOOef) are not $ignificantly different (LSD, f > 0.05).
2Site entrie~ with similar letters (yz) for year pairs are not significantly different (Wilcoxon test. f > 0.05).

RR
Gulch
2.2abc y
OAabz
1O.()bcy
8.6 bcy
2.1 abcy
3.31x:z

High
Rye
5.0dey
O.pbz

10.5bcy
4.5az

3.0boy
6.oe z
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the 2 sites. Few differences for any type of buds
were found among browsed unburned sites or
between the 2 unbrowsed sites (Table 3).

ever, because these differences were not always
at the same sites, the correlation between
number and average LS length was not significant (r = -.12, P > 0.60). As discussed earlier (Fig. 1), LS bud density was highest on
browsed plants (P < 0.01). However, LS bud
numbers (Fig. 3) generally did not differ (P <
0.10) between browsed and unbrowsed plants
largely because of longer branches on unbrowsed plants (Fig. 2).
Total LS length (annual growth; Fig. 5) was
not significantly correlated to total branch
length (r = 0.45, P > 0.13) across all sites.
Although the unbrowsed Butte and Deer exclosure sites that had the longest branches
also had high total LS growth, this total length
was not significantly (P < 0.10) longer tban on
most browsed sites (Fig. 5).
Long shoot length per unit length of branch
varied between several sites and sometimes
between years (Fig. 6). This growth rate generally increased on the MHWMA sites (Powerline, Willow Creek, Railroad Gulch, and High
Rye) in 1991, although all other sites decreased.
Neither total LS length (Fig. 5) nor LS length
per unit of branch (Fig. 6) differed between
the Burned and Unburned sites, although the
Unburned site had significantly (P < 0.01) more

Growth
We measured old-growth branch length (3-,
2-, and l-yr-old segments), LS growth (annual
growth), and leaf weights (leaf clusters). Total
branch length of old-growth twigs per plant
(Fig. 2) was considerably shorter on the 8
browsed sites than on the unbrowsed Butte
and Deer exclosure sites (P < 0.001), reflecting the influence of browsing in modifying
branch length. Accordingly, at the Dry Cottonwood location the unbrowsed site had longer
hranches than the Cattle exclosure site (P <
0.01; with only deer browsing), whereas the
Cattle + Deer site had the shortest hranches
(P < 0.05). Total branch length per plant (Fig.
2) at the Burned and Unburned Steep Mountain sites did not differ (P < 0.10), which indicates that the combination of growth and
browsing (Table 2) was similar between these
sites for the previous 3 yr.
The number and length of LS produced
varied by site and year, with 3 sites having
fewer LS (Fig. 3) and 3 sites having longer (P
< 0.05) LS in 1991 than in 1990 (Fig. 4). How-
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(\Vilcoxon test, P < 0.05).
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bitterbrush (Fraas et al 1992). The fact tbat
both the growth rate and the browsing level
(Table 2) were the same at the 2 sites suggests
that browsers removed approximately the same
amount of LS material from each branch at
each site.
At the Dry Cottonwood exclosure site, LS
length per unit of branch (Fig. 6) was greater
on the Cattle + Deer site than the Cattle
exclosure site in 1990, as was the Cattle exclosure greater than the totally unbrowsed Deer
exclosure that year (P < 0.01). This tendency
supports Tueller and Tower's (1979) stagnation
theory, which predicts relatively higher growth
rates at higher browsing levels. Reiner and
Urness (1982) also reported that livestock grazing increased bitterbrush growth by reducing
herbaceous competition during the growing
season.
Overall we found only relatively minor variations in the characteristics measured among
browsed unburned sites or between the 2 unbrowsed sites. However, our data indicate a
fundamental difference in bud allocation patterns between browsed and unbrowsed bitterbrush plants and suggest that plants protected
from browsing for many years should not be
used as a standard for comparison with plants
exposed to normal browsing pressures. Our results should increase knowledge of how bitterbrush responds to browsing. An understanding of the relationships between bitterbrush
growth characters and management strategies
should improve management for bitterbrush
stands and the big-game winter ranges they
often occupy.
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